Water is generally not an efficient lubricant for most tribosystems due to its extremely low pressure-coefficient of viscosity. This barrier is less important, however, when elastomers are employed as tribopairs, since a low-pressure, conformal contact is readily achieved under these conditions, and thus the isoviscous-elastic lubrication (or soft elastohydrodynamic lubrication, "soft EHL") mechanism can be activated. Isoviscous-elastic lubrication does not necessitate the increase of viscosity under pressure.
INTRODUCTION
Isoviscous-elastic lubrication or soft-elastohydrodynamic lubrication (soft-EHL) is a well-established approach to the lubrication of elastomeric tribosystem by the lubricants possessing very low pressure-coefficient of viscosity, such as water. The bulk mechanical properties of the triobopair and bulk rheological properties of the lubricant are the primary criteria to determine the feasibility of such lubrication mechanism [1, 2] . The bulk properties of the tribosystem appear to be, however, only necessary condition for soft-EHL and inappropriate surface properties, such as hydrophobic adhesion, often hinders the activation of such lubrication mechanism, especially at low-speed regime. In this work, we focus on the influence of surface properties of an elastomer on the onset of the soft-EHL mechanism.
EXPERIMENTAL
The tribological behavior of the tribosystems studied in this work was assessed by means of conventional pin-on-disk tribometer. Poly(dimethylsiloxane) (PDMS) was employed as a model elastomer. The elasticity modulus and Poisson ratio of PDMS were 2 MPa and 0.5, respectively. In cases where a rigid sliding partner was involved, glass and/or zirconia (ZrO 2 ) was employed as either pin or disk. Hydrophilization of PDMS surface was achieved by means of oxygen-plasma treatment or surface-coating with amphiphilic copolymers carrying PEO moieties, e.g. poly(ethylene oxide)-poly(propylene oxide)-poly(ethylene oxide) (PEO-PPO-PEO) and poly(L-lysine)-graft-poly(ethylene glycol) (PLL-g-PEG) adsorbed from aqueous solution.
RESULTS AND DISCUSSION
As shown in Figure 1 , the self-mated sliding of PDMS revealed extremely high frictional properties (µ ≥ 1 from 0.1 to 100m/s), even though the bulk properties of the tribosystem, including the mechanical properties of PDMS and the rheological properties of water, are expected to be adequate for soft-EHL [1] [2] [3] . Upon oxygen-plasma-treatment of PDMS surfaces, however, a tremendous reduction of friction forces was observed (µ ~ 0.04 at speeds ≥ 5 mm/s). Since oxygenplasma treatment is known only to hydrophilize the surface without altering bulk mechanical properties of PDMS [4] , the enhanced lubricating properties via oxygen-plasma treatment are attributed to the elimination of the strong hydrophobic interaction between PDMS surfaces, and consequently September 12-16, 2005, Washington, D.C., USA 
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facilitated formation of the aqueous lubricating film. The enhancement of aqueous lubricating properties by this approach was also observed from various elastic/rigid tribopairs, including glass/PDMS, PDMS/glass, ZrO 2 /PDMS, and PDMS/ZrO 2 , however, not from rigid/rigid tribopairs, such as self-mated polypropylene and polyamide-6,6 (data not shown). Figure 1 . The vs. speed plots for the water-lubricated sliding of PDMS/PDMS contact in the absence of treatment, and hydrophilized by means of oxygen-plasma-treatment, adsorption of PEO-PPO-PEO copolymer, and adsorption of PLL-g-PEG copolymer following oxygen-plasma-treatment (load = 1 N).
Alternative to oxygen-plasma treatment was the surface coating with amphiphilic copolymers possessing PEO moieties; both PEO-PPO-PEO and PLL-g-PEG are known to exhibit a tethered PEO (or PEG) brushes at water/PDMS interface, and thus display a highly solvated (hydrated) interfacial properties [4, 5] . As shown in Figure 1 , these alternative approaches provided a similar enhancement in aqueous lubrication of PDMS/PDMS sliding, especially at high-speed regime, confirming that surface hydrophilization is the dominant factor for the observed lubricating effect. However, at low-speed regime, a clear difference among different approaches was also observed. The lubricating capabilities at low-speed regime were found to be in the decreasing order of PLL-g-PEGcoating, oxygen-plasma treatment, and PEO-PPO-PEO-coating. Relatively inferior boundary lubricating performance of PEO-PPO-PEO-coating is associated with that the adsorption of PEO-PPO-PEO was carried out onto hydrophobic PDMS surface, and thus the hydrophobic interaction between PDMS surfaces cannot be completely prevented. It is noted that adsorption of PLL-g-PEG onto PDMS in this work was carried out after the pretreatment of PDMS with oxygen plasma (i.e. driven by electrostatic attraction between positively charged amino groups along the PLL backbone and negatively charged PDMS surface). The PEG brushes may behave as "viscosity index improver" at the sliding interface and this may explain relatively superior lubricating performance of PLL-g-PEGcoating to bare oxidized PDMS surface.
The influence of hydrophobicity of the PDMS tribpair was further investigated by selective treatment of either pin or disk with oxygen plasma. Figure 2 . The vs. speed plots for the water-lubricated sliding of PDMS/PDMS contact when both pin and disk are not treated ( ), when only pin is treated with oxygen-plasma ( ), when only disk is treated with oxygen-plasma ( ), and when both pin and disk are treated with oxygen-plasma ( )(load = 1 N).
As shown in Figure 2 , oxygen-plasma-treatment of only one side of the tribopair led to distinctively less effective lubrication, which highlights the significance of hydrophilic character required for both surfaces involved in sliding contact for an effective soft-EHL.
